ABSTRACT: Twenty-four crossbred pigs (Large White x Landrace x Segher) were divided into three equal groups of boars, barrows and gilts. Prior to slaughter, they were raised from 30 kg to 110 kg. under controlled conditions. Gender had no significant effect concerning total weight gain, average daily gains, feed conversion ratio, and production costs. Backfat thickness of boars was lower (p<0.05) than that found in barrows and gilts (2.27 vs. 2.96 and 2.73 cm, respectively). In other carcass quality traits, such as dressing percentage, carcass length, loin eye area and lean percentage, there were no significant differences among groups. Lean meat percentage was lower (p<0.05) in barrows, than in boars and gilts. Applying Thai cutting style, there was a higher (p<0.05) lean meat percentage in boars than in barrows while fat percentage was lower (p<0.05) in boars compared to the barrows (8.2 vs. 11.0 %, respectively). Meat pH was found to not be significantly different across groups. However, boars tended to have a comparatively faster rate of pH decline. Therefore, their carcasses were more susceptible to PSE. Color (L*, a*, b*), drip loss and thawing loss differed among the three groups. Boiling loss of boar and gilt meat was larger (p<0.001) than that of barrow meat (22.1 and 23.1 vs. 16.2%, respectively). However, intramuscular fat content was higher (p<0.05) in the barrows than in boars and gilts, while the latter groups did not differ much. Although not obvious from flavor scores, boar meat showed the overall lowest sensory acceptance. This was mainly caused by reduced (p<0.05) tenderness scoring, which was partially confirmed by shear force measurements, the lower juiciness impression, and less obviously by the highest (p<0.001) plasma testosterone level (278 vs 0.09 and 0.02 pg/ml in boars vs. barrows and gilts), probably associated with high levels of androstenone, and backfat skatole concentrations. Backfat contents of unsaturated fatty acids, among them the dietetically undesired arachidonic acid, tended to be slightly higher in boars than in barrows and gilts, and this was associated with a clearly (p<0.05) softer fat and a higher inclination for oxidation as determined in the backfat. Overall, this suggests that boar meat has a slight advantage in carcass quality but is clearly inferior in quality compared to meat from barrows and gilts even in the absence of noticeable boar taint.
INTRODUCTION
Nowadays, production of high quality meat is an important issue and becomes a necessity as consumers become more selective in their consumption habits. Therefore, not only growth characteristics, feed conversion ratio and high carcass quality are the primary goals of pig production, but also meat quality, including aspects of fat tissue quality. 1 Important determinants of meat quality are the result of changes in the muscle after the animal is slaughtered. Individual quality traits affect different aspects of consumer's satisfaction and its suitability for processing into various meat products.
perform better than gilts and barrows. [2] [3] [4] [5] [6] However, differences are not always very pronounced and the boars' high lean meat percentage is often associated with a reduced meat quality. Boars are more sensitive to stress than gilts and barrows. This higher stress susceptibility facilitates a more rapid post mortem muscle glycogen degradation with the result of a high concentration of lactic acid and hence a reduced meat pH. A low pH is associated with a poor water-holding capacity, resulting in high water losses during storage and cooking, and ultimately causing pale meat, a trend more obvious in boars than in barrows. [7] [8] On the other hand, there might be gender effects on fatty acid deposition in the body, particularly due to the hormonally determined differing rates of fat deposition. 1 This might affect the dietetic value and shelf life of the meat and meat products. This aspect remains widely unexplored so far, and there are also few comprehensive studies over a wide range of performance and meat quality aspects concerning boar fattening so far.
The objective of this study was to compare various variables of growth performance, carcass and meat quality, as well as carcass fat characteristic traits in boars, barrows and gilts, in order to provide data for the detailed evaluation of the advantages and constraints of boar fattening. Measurements also included analyses on indicators of boar taint and sensory properties.
MATERIALS AND METHODS
Feeding regimen was divided into two periods. The composition of the diets was calculated by linearprogramming based least cost formula for both growing (30-60 kilogram) and finishing (60-110 kilogram) pigs, in a way that nutritional requirements were covered 9 ( Table 1) . Contents of metabolizable energy were calculated based on Pongpiachan. 10 The diets were relatively low in tryptophan compared to typical pig diets, 10 because of the use of low-tryptophan feeds (namely yellow corn).
Pigs were fattened at the experimental facility of the Department of Animal Science, Faculty of Agriculture, Chiang Mai University, in 24 individual pens (2 x 3 m). Before the start of the experiment, all pens were cleaned with water, prior to being sterilized with lime and antiseptic (an iodine compound). Then, they were washed with clean water again. The pens were left empty for 15 days before the experimental pigs were allowed to enter. Twenty-four (Large White x Landrace x Seghers) of an average initial weight of 30.6 kg were used in this experiment. The three gender groups, boars, barrows and gilts, consisted of eight pigs each, fattened from 30-60 kilograms (growing) and 60-110 kilograms (finishing). Spatial distribution of group members in 11 After chilling of the carcasses at 4 °C for 24 hr, the LD of the left side as well as the overlaying backfat were dissected from the 6 th to the 15 th rib. The LD section located between the 8 th and the 9 th rib was cut and put into vacuum polyethene bags to be chilled at 4 °C for 24 hr. Then, they were refrigerated at 4 °C without the bag for 1 hr before conducting color measurement with a Chroma Meter (Minolta, CR-300, Osaka, Japan) to record 12 LD slices of each of the 24 pigs obtained from between the 11 th and the 12 th rib were grilled for 12 min at 180 ºC, which was about the time when an internal temperature of 70 ºC was reached. The slices were cut into 1.5 x 1.5 cm pieces and served to six trained panelists according to the method of Wiriyajaree. 13 Each panelist independently evaluated tenderness, flavor, juiciness and overall acceptance by grading on a scale of five. All selected panelists were tested in advance to be able to register boar taint, as only part of the population has this ability. Six 1.27 cm diameters cores per each boiled LD sample were evaluated for shear force values. A Warner Bratzler shear device attached to an Instron Model 5565 Universal test machine with 200 mm/min test speed and a 5 kN load cell was used.
Indicators of off-flavor components subsumized as boar taint were determined by analyzing testosterone (having the same biochemical pathway as androstenone) in blood plasma by the RIA method of Wasser et al. , 14 and the concentration of skatole in backfat by HPLC (Model Shimadzu, Tokyo, Japan) according to Dehnhard et al. 15 . Fat firmness was determined as outlined by Jaturasitha et al. 16 in molten backfat of which 10 ml was filled into 15 ml glass vessels. Fat was allowed to congeal for 45 min at room temperature, and then was stored at 18 °C until analysis. Penetrating force was determined after storing samples for 30 min at 25 °C using a metal stick with a surface at the end of 19.6 mm 2 attached to an Instron universal testing machine (Model 5565, Instron Ltd., Buckinghamshire, UK), on which a 100 N load cell was applied. The fatty acid profile of backfat was analyzed by the method of Folch et al. 17 . Fat was extracted by chloroform and methanol (2:1 v/v). Methyl esters were prepared by the method of Morrison and Smith. 18 Fatty acids were analyzed by gas chromatography (model GC-14B, Shimadzu, Tokyo, Japan). Thiobarbituric acid (TBA) number was analyzed as malonaldehyde concentrations in backfat and intramuscular fat (LD). They were stored at 4 ºC after keeping at -18 ºC and being defrosted at refrigerator temperature for 12 hr.
All data were statistically treated by analysis of variance. 19 Multiple comparisons among group means were performed by the Least Significant Difference (LSD) method. Pearson correlation coefficients between various traits were calculated. All analyses were performed with the SPSS program for Windows.
RESULTS AND DISCUSSION
Productive Performance Productive Performance Productive Performance Productive Performance Productive Performance
When comparing feed intake at the growing stage (30-60 kg.), gilts and barrows consumed more (p<0.05) feed in total than boars, while no significant group differences occurred in daily feed intake ( Table 2) . These results supported the findings of Kumar and Barsual. 4 For the finishing (60-100 kg.) and the total fattening period (30-110 kg.), daily feed intake was not significantly different among groups, although barrows showed a slight trend to higher intakes than boars and gilts, as previously reported by Phugphong. 20 In none of the experimental stages did significant differences in average daily gains among groups occur. However, boars showed a very weak trend to higher gains compared to barrows and gilts. This could be explained by the fact that only boars produced testosterone, which is known to increase metabolism and growth rate. [21] [22] [23] [24] Estrogen, the female sex hormone, has only a slight effect to increase body metabolism. 25 The present results support the findings of Campbell and King 26 , Kumar and Barsual 4 , Sather et al. 27 and Johansen et al. 28 . Barrows had the best feed conversion ratio in the growing period (significantly different from gilts; p<0.05). Calculated over the finishing period and both stages, boars tended to have a better feed conversion ratio than gilts. This resulted from both trends of lower feed intakes and higher growth rates, and again can be explained by the effect of the male sex hormone stimulating body metabolism and growth. The results support the findings of Wood and Riley 2 , Chadd et al. 29 , Johansen et al. 28 , Klindt et al. 30 and Henry et al. 31 . Fattening of barrows resulted in the lowest feeding costs per unit of gain in the growing stage (significant against gilts; p<0.05). As with the feed conversion ratio, boars tended to be the group with the most favourable cost efficiency in the finisher period and over the complete fattening period. 
Carcass Quality
Carcass Quality Carcass Quality Carcass Quality Carcass Quality Both hot and chilled carcass weights, as well as dressing percentage, were numerically lower in boars than in barrows and gilts (Table 3 ). This can be explained from the higher proportion of remaining digestive tract content in the body of the boars compared with that of gilts and castrates. [5] [6] Carcass backfat of gilts and barrows was thicker (p<0.05) than that of boars by 23 and 17 %, respectively. This also affected lean cut percentage, as also reported by Weatherup et al. 6 . However, the loin eye area of gilts was the largest at a simultaneously high content of intramuscular fat. 4 The percentage composition of the loin chops, was in line with backfat thickness. Boars had significantly less fat but more bone in loin chops than barrows and gilts (p<0.05), which correspondingly affected the meatto-fat ratio, similar to the results reported by Nold et al.
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. Testosterone is known to promote muscle growth, so that, when it is lacking as in barrows, energy is transferred to fat tissue at a higher rate.
When applying the Thai cutting style (boneless, except for spare ribs), there were no significant differences among groups concerning the proportions of loin, tenderloin, ham, belly and spare ribs (Table 4) . However, shoulder and jowl percentages were higher (p<0.05) in boars than in barrows and gilts, probably as a result of the different sexual development. Furthermore, boars yielded more (p<0.05) total lean and less fat than barrows and gilts. These results are supported by findings of Ellis et al. 32 , Weatherup et al. 6 and Blanchard et al. 8 .
Meat Quality Meat Quality Meat Quality Meat Quality Meat Quality The pH 45 min. values determined in SM and LD did not significantly differ among groups (Table 5 ). This was similar to the findings of Ellis et al. 32 , Cisneros et al. 33 , Henry et al. 31 and Nold et al. 5 . However, the pH of boar meat tended to be lower than that of gilt and barrow meat. This would be expected from the more 32 (2006) aggressive behavior of boars, which contributes to stress susceptibility. [34] [35] [36] This, in turn, causes muscle glycogen to be degraded to a higher extent. This enhances the post mortem glycolysis process leading to high lactic acid accumulation and hence a low earlypost mortem pH value of the meat. The pH 24 hr values did not differ significantly among groups, similar to the findings of Mottram et al. 37 and Wood et al. 38 . In the present experiment, no single animal had a late-post mortem pH of over 6.1, indicating that no dark firm dry (DFD) meat was developing. 39 It has to be kept in mind, though, that the length of the fasting period (high or low glycogen stores) and slaughter conditions (enhancing or preventing fights among boars, etc.) will determine whether boars tend more towards PSE or DFD compared to barrows and gilts.
The L* values were not statistically different among groups, but boars tended to have the lowest L* value, followed by gilts and barrows (Table 5 ). Weatherup et al. 6 and Uttaro et al. 40 , reporting the same effect in boar ham, discussed that meat with a high water-holding capacity results in a low light reflection, making the meat appear to be dark. However, in the present study, the ultimate pH data had excluded DFD incidence as a reason and, as shown later on, differences in water holding capacity did not support this either. The a* and b* values were also not statistically different among the three groups studied, but boars again tended to have the lowest a* and b* values followed by barrows and gilts, which was similar to the results obtained by Weatherup et al. 6 . However, Nold et al 41 reported that the a* value of boar meat was significantly higher than that in barrows and gilts. The low a* and b* values indicate a low content of oxymyoglobin which is created in the oxidiation process of myoglobin when exposed to air in meat. 40, 42 The low a* and b* values obviously were not related to the same factors affecting lightness, as then a light boar meat would have been expected.
LD from boars and gilts had higher (p<0.05) boiling losses than that of barrows (+36% and +42%, respectively), but there were no significant differences in drip loss, thawing loss and grilling loss among the three groups (Table 6 ). However, boar meat had a weak tendency to higher grilling losses compared to that of the barrows (+15%) as was also noted by Lundstrom et al. 43 , Kempster et al. 7 , Weatherup et al. 6 and Blanchard et al. 8 . This is more or less in line with the findings in early-post mortem pH and meat color. Moisture content of LD was not significantly different among groups. Weatherup et al 6 and Nold et al 41 found that boar meat had a higher moisture content than that of gilts and barrows. Meat protein contents also did not differ significantly in the present study. The slightly higher protein content of boar meat compared to that of gilts and barrows is in accordance with results of Kumar and Barsual. 4 Barrows had the highest (p<0.05) intramuscular fat content. This result is supported by the findings of Friesen et al. 44 . Any difference in the nutrient content of the meat could be ascribed to the different hormone profiles in the different genders. Especially, testosterone enhances protein synthesis, while reducing fat accumulation. 38, 44 In line with Nold et al. 41 , the LD from boars was clearly inferior (p<0.01) to that of barrows and gilts in terms of tenderness scoring. Shear force was accordingly higher (p<0.05) in boar meat compared to barrow meat, but the difference to meat from gilts in shear force was lower than expected from the sensory evaluation. Juiciness and overall acceptability of boars' LD were also lower (p<0.05) than in meat from barrows and gilts. Juiciness might have been impaired in boars compared to barrows because of the lower intramuscular fat content. However, meat from boars and gilts did not differ in these variables and gilt meat was scored higher (p<0.05) in juiciness nevertheless.
Boar T Boar T Boar T Boar T Boar Taint aint aint aint aint The testosterone concentration in boar blood plasma was far higher (p<0.01) than that in barrows and gilts (3 x 10 3 and 14 x 10 3 fold; respectively; Table  6 ). Patterson 45 and Baltic et al. 46 reported that the pathway of androstrenone and testosterone synthesis is the same, so that in this study plasma testosterone was taken as an indirect indicator of the formation of androstenone, the major component of boar taint, suggesting the presence of an intensive boar taint in the animals investigated in this study. Nonetheless, this was not reflected in sensory flavor scores and panelist could not detect off-flavors, including the boar taint components, in boar meat. A considerable proportion of humans are not able to detect androstenone 47 , but the panelists carrying out the sensory testing had a confirmed ability to recognize boar taint. The skatole concentration in backfat is another component of the off-flavor often observed in boar meat. Accordingly, boar backfat was found to have higher (p<0.05) skatole concentrations than those of barrows and gilts (+31 % and +52 %, respectively) similar to the findings of Brook and Pearson 48 , Claus et al. 49 , Moss et al. 50 and Nold et al. 5 . However, skatole concentrations in boar meat were still lower than those allowed by EU regulations. 51 One reason for that may have been the use of a pig fattening diet with relatively low tryptophan content, since tryptophan is an important precursor of skatole formation in the hindgut of pigs. [52] [53] Fat Tissue Quality Fat Tissue Quality Fat Tissue Quality Fat Tissue Quality Fat Tissue Quality No significant group differences were found in individual fatty acids, groups of fatty acids and in various fatty acid ratios in backfat (Table 7) . There was a weak 32 (2006) tendency for boar fat tissue to have higher proportions of unsaturated fatty acids (significant for the dietetically undesired arachidonic acid, p<0.05). Obviously the influence of the sex hormones on fatty acid accretion in the body is minor. Firmness of backfat from boars was significantly lower than that from gilts and barrows (p<0.05). Although it is known that fat firmness declines with the proportion of unsaturated fatty acids 54 , the differences found in fatty acid profile were probably too small to explain such clear differences in fat firmness. Fat tissue firmness is also influenced by its contents of water and connective tissue, variables which were not analyzed here. Also thiobarbituric acid (TBA) values of the backfat and intramuscular fat of boars tended to be reduced at every stage of storage, but these values were not significantly different from those found in barrows and gilts. This also would be in line with a higher content of unsaturated fatty acids. However, gender differences in the utilization of antioxidative substances in feed such as vitamin E and selenium cannot be excluded, too.
CONCLUSION
Boar meat was found to be clearly inferior in various aspects (water-holding capacity, tenderness, fat firmness and shelf life) to meat from barrows and gilts raised under identical conditions and on the same diet. Considering the small differences in growth performance and feed conversion efficiency among the gender groups, it does not seem economically feasible to fatten boars, due to the risk of rejection by consumers because of the risk of boar taint and reduced tenderness. Slaughtering at lower live-weights might be helpful in many respects, but this might also adversely affect cost-efficiency. Another way to support the fattening of boars would be to provide subsidies to allow the marketing of boar meat at a lower price, in order to avoid the stressful castration and the risk that farmers use illegal drugs such as beta-adrenergic agonists. 
